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i . Caleium in the unalloyed condition is an extremeliﬂductile
i ’1ight metal whose mecharical prop ertieg on & strength—weight basis
!

, SUMMARY

|

aro on a par with unalloyed aluminum, Possibil;piea gor developing
alloys for constructional use are highly doubtful,

The chief disadventage of calcium is 1ts poor corrosion
resistance which makes it unusable in the pure form¢ It is belleved
] “ : that this could not be improved to any marked extent by alloying, so

some type of_cladding would be necessary. Since calcium does‘not'
‘ alloy with iron or stainless Eteél, prospects for cladding with thease
l materials are poor. Cladding with corrosion-resistant magnesium or
aluninum is more promising(if the boundary layer thickness of intere

metellic compound can be kept to a minimum, Thers are zlsoc meager

-
be

possibilifies for protection by coating with an organic material,
The best procedurs for appraising the possibilities of cal-
cium sppears to be to try to make a strong calcium-base alloy which

would then be protected by a metalliec or organic coating, There is

) ‘ little proépect that either effort would be orowned with success,
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QALCIUM AND CALCIUM-BASE ALLOYS

Purpose

The'almost unlimited availability of calcium-bearing miner&ls
and the low density of metallic calcium with its melting point higher |
‘than aluminum, indicated ha a prel‘minary survey should b mede of
the possibilities for calcium and calcium-base alloys a; const}uction _ :
materials for aircraft and guided missiles. This report éonﬁﬁin; the ]

Anformation and conclusions resulting from this survey.

METALLIC CALCIUM .

Production

According to Mhntell and Hardy(l) the production of metallic
' calcium was between 10-20 tons annually from 1920-1940, before the Electro ,

(x) Ce L. Mantell, and C. Hardy, "Calcium, Hetallurgy, and T¢ chnology" |
ACS Monograph No. 100, 1945. :
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| ,Elegtfolztig Distilled 3

: Were gg;en'by Mantell and Hardy on the cgpacity of this plantf ‘ Ca metal 85.5% “Ca  .99.3% ., i 1 :

| The éhief ﬁetho& formerly used for the production of metallie ' 2 ca0 9.1% ‘Fé  0.02% .

i %aléium~@és the eiecfrolytic piocéss employing a fused-salt electro- %; . CaCly ‘2.63 ; - 61~ Traces - %

' 'lys%g of a;hydﬁOué CaCly at 800°C., using graphite'ahodes and linergG E Si 6135% o "51' 0,148

P and vertieal,gwgter;cooied iron contact cathodes, ~ This was ‘the pro- , “f‘ Fe - 0,88 N b

| cess used by the Electro Metallurgical Cerbd;atiéh at their Sault ; ﬁl' 0.2% \ ) ¢

Ste. Marie ;laht. _Another method, by whic¢h s;veral million pounds é " Na 4K 1,0%

: nesiuzy, (1) ’ ) 1936 11937 9%
In order to produce high-purity metal from electrolytic oals E Ca : 96,58% 97,158 985 - J
cium, it 13 necessary to refine the product by douvle distillabion. : - 1,955 1,360 0% =
‘ first, phe crudse product is distilled below the melt;ng point of cal- " i Fe 0.42p 0.37 0.2% }:
éium, apbr9ximaﬁely 800°C., to free the metal from ﬁhe more volatile E Al ‘ 0.035% 0-036% 0.03%. s o
alkali metgls, éépeci;ily sodium, then the main distillation is carried | 8i ) 0,012% .0.,01% ,0‘°1$ ' -
‘out at 825-850 C which is above the melting‘point. Chaud;on(z) gives 1.0% o 0.09% | Traces déf' i i

Metallurgical Gorporatibn started their plant late in 1939."No figures

of caloium were méde during the war at the New England Lime Company,
Caanén, Cdnnecﬁicut, employs & thermal reduction of lime by aluminum

in vacuum (using the same equipmént as the Pidgeon process for mag-

the following compoéitibn for electrolytic calcium before and after’g

purification by distillation:

i

(1) C.C. Loomis,."Production of Metallic Caleium by Thermal Reduc-
tion", Tr. Electrochemical Society, 89, 207-216 (1945) .-

(2) G. Cheudron, "Caleinm", Reine Metalle, p. 126, J, Springer, 1939,

1

——p
?év«e,-)h&uﬁ;&fil

Mantell and Hardy(l)‘present figures showing that the purity

of electrolytic ealcium improved from 1936-1928 because of better pro~

duction methods:

Alkali metals -

The vacuun thermal method of reduction of lime by alusinum

gives a very high-purity product. The New England Lime Cgmpany(g);

give the following as the analysis of as-distilled calciumg an@ Everts '

(1) Mantell and Hardy, loc. cit., page 34.

(2) The New England Lime Company, private comaunication,
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"r(l) A. H, Everts ‘and Gs D, Bsgley, "Fh
of Galcium" Electrochen, Soc.,
in Columbus, Ohio.

'célciumvreacéz with them.

e

‘aéd'Beg&ey(l) give. the following as the chemical analysis of calcium

.o prodgced‘by that method, purified by redistillétioh in vacuums

Product. from Retort gedistilled
Mg :1 ' 40.8%» Ca  99.48%
a1 0s26  Fo  0.045%
¥a 0,035 Ma  0.0025%
N 0.1% Ni  0,03%

Ca (by difference) 98;865% Cr 0.004%

' } $1°< 050028

' - S Al < .01% _
' N 0.03%
H  0.032%
0 0.16%

Melting and Fabrication of Calcium

Molten calcium is extremely reactive and has to be protected

during melting by &n inertd atmosphere or flux. Argon has been used as

?pe,protective atmosphere, although heliun ghould work equall& well,
Nitﬁogen,ﬂh&drégen,'or carbonaceous gases are unsatisfactory, because
No speecific flux cover was mentloned for

melting calciun, but eutectic mixtures of calcium chloride with other .

chloridee should be aatisfactory, because the electrolytic process for

ysical and Electrical Properties
Presented at April, l948,meeting

calciun employs an electrolyte of fused calcium chloride, whish also

serves as a protective flux cover, ‘ -

Melting is carried out in iron or stainless steeX crucibles.

e S

Only a very small pickup of metallic impurities occurs under ‘zuch con=

Y S

ditions,

'Casting of molten calcium also is done under an inert gas at=
ﬁosphere, or, as is done in many cases, the ingot is solidified in the
erucible, |

if the caleium is sufficiently pure, fabrication by any wmsthod
offers few difficulties. Ingots of the metal wers easily cold rolled
from 3/4-inch to 1/32-inch thickness without intermediate annealing)
a cold reductioo of 96 per cent(l)._ in even more inpressive demon=
stration of the ease with which calcium may Ee_fabricatod is the ex= _7_- 3
truding practice of the White Wetal Rolling and Stamping Gompany, Brooks 4
lyn, New York(z). This company took the crowns of digtilled~caloi@n' _ i
metal produced by the New England Lime Company, Caanan, Connectiout, u
which were very irregular in shape, and full of voids, and eitiﬁgg&;'
them &t 450°=550°F; into lj-inch rod. These rods then coold be cold

rolled witﬁout intermediate annealing. The exiruaionftemporaturen used

L4

by the White Metal Rolling and Stamping Company are coﬂaiderably lower
than the 400°=450°C, (7509-84£PF ) temperature range recozaouded by ;
Bastien(B) - ) ) ' ) ;*

(1) Everts and Bagley, lot. cite ' E “ . e
2) Private communication. .
23; P, Bastien, "Properties of Sublimed Calcium", Rev. Hotallc, 2_, L
Part 1, p. 132, 1935, : .
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1

Data on the méchanical properties at ordinairy temperatures have

-

been given by Bastien(l) end Everts and Bagley(z); They are iistgd in
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The streéé—strain curves reported by P, Bastien(l) showlng a
' comparison between caleium, magnesium, aluminum, and lead are of little
piacﬁieal use, a8 no units_of elongation are given. The curve for

seleium lies betwsen those for aluminum and lead. Bastien used cy-

" Lindrical speciiiens, 0.315-inch (8 mm.) diemeter. He notes the rate

of loading.as O.l57‘ingh (A-mm.) per minute. The gage length of

'the gpécimen is not given, but was probably 10 cm. (approximately‘A‘

- inches) from other data given. Using the experimental conditions

-

foted, he obtaineds

-

¢a R AR
Ultimate strength,ﬁp.s.i /103 6,26 © 2,56 8453 ’
Elonzation, % . 53 43 25

* 99,62 Pure
He noted that the necking down of the caleium specimens ex-

tended 2,5 cn, {about ‘one inch) on either side of the break, conpared

with 1,5 e, for aluminum and slightly more for lead, From this, he

N

) conclyded long tensile epecimens we>e necessary.,

It will be notlced that the tensile strength of heav1ly cold-

worked cdlcium ig approximately double that of the ‘annealed material.

This again is in llne with the experience with other ductile pure
‘metals, so that the strength—welght oconsiderations are not changed by -
cold working,

'Concerniﬁg the two values of modulus of elasticity found by
Bastien, the valus of 2, 800 000 p.s.ie, obtained by measuring the

: ‘tz?‘ Bastien, P., Rev. Metalurgie, 32, (1), 129 (1935).
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extension between two known loads, is preferabls to the value of
3,700,000'p.s.i. obtained by the pendulgm method, because the lcadiné . f
method which was used to obtain the 2 800 000 vilue is closer.to the usual ,

method useéd. The absolute value of the modulus is” low, but appearb to be‘

in lirne uithrthe correlation o; modulus with the.mglting‘point divided-by gha~v :?
square of the atomic vclume'(calcium has a relativelyxlarge htémic/voluméf. é

No information is available on the type of impact fracture . ‘
found with oaxcium, whether ductile or brittle, The.values of 22-25- T ¥

ft.~1lbs. for the  Mesnager specimen, wh*eh is similar to tha keyhOLe ,

e e o

Charpy specimen, indicate that the metal is relatively tough.

Bastien(1) ran hot compresaion tests on ¢ylinders of oa%éium,

Crey
32

10-mm, diameter and 20 mms high, from room temperature to 500G, The
load (units not given, but probably metrio tone) required to reduce
the height by 50% is shown in Curve A in Fig. 1, Thére iﬁ a diag- ,
continuity at 4599c;, which was teken by Bastien a8 resulting from ST
the allotropic modification of calcium, . The‘high-temperatura fo;m of
calcium appears to.be considerably more plastic then the low-tempera~
ture form. Curve B shows the Brinell hardneae of the compressed cyiigf

ders after cooling to rcom temperature. The recrystallizaticn tempera~

ture appears to be between 15099. and 300°C, from thase datao‘ .
It is unforbunate that Bastien did not give the units for . S
Curve A, If they are metric tons the compressive strength of caleium

at room temperature is quite high, Aasuming constant vc%uﬁe and a

(1) Bastien; loc. cit., — -

L s, )
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. " compressed cylinder ‘of half its original height, the compressive
_© . - ‘Strength at r¥oom tempergture would correspond %o 3500 = A . ‘
Vel oo T D . (.7854) (2) (10)% \
.. 22 Kgef/umi? (31,500 p.s.i.). Based on the original oross section of 10
ﬂ_w, ) mmg, the. :Qg_mggégs,ige "étr_er‘xgi;h would correspuad to twice that figure.
¢ e 7’-‘B_éi:fs,t’i§'p‘-'.aiac>- gave data for the start of plastic flow in comprsssion, il
' ¢ - .A% roéim tempergtife this amounted to 0.5 load unit. Assuming that the e :zb__ —o~|» : ‘ -
PR ) : - ; n : i 2 ¢
’ ].‘O'ad'.-wap messured in metrio tons; this would correspond to a compressive % 15— \0——-0-—_ OO ?
‘_:‘ ‘ < 10 ) . 25 — g
‘yield of | = 6.4 Kgo/mm.2 (9,100 pesei.). 5 | ;
. - ' o 4 L
A i 4 £ ~
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e ot - - % >
o . ‘General Appearance z -
v . ) ) © 3
Calcium is an alkaline earth metal closely resembling strontium § ) \
- - - e o,
&nd bardun in its chemical behavior: - When pure; it is silvery white in 35 { —_—
R P ’ o 1
, ¢olor; but with a Wh1ter color than gilver when freshly broken, How- § e N
e_;fer:, it. oxidi‘-zes rapidly, gsoon becommg covered with a white non- ?_ \\
~ L hetallie £31m, . g No_ :
) =z - TN I
v - . ) ’ 8 . O\ I
Electrical Properties , . ] . Jo.\ol ;
T - o o= - L Lto=nd *
Reésistivity ) 100 200 . 300 ° 400 800
—2—-—--1 e ) - by , TEMPERATURE, °C
Temp., Resistivity, Conductivity, , , .
. 2Ce  Micrchmeom.  _ % IACS Reference FIGURE I. CURVE A LOADS REQUIRED TO COMPRESS CYLINDERS OF CALGIUM
’ ’ i . - . TO 50% OF ORIGINAL HEIGHT AT VARICUS TEMPERATURES. CURVE B.
0 . 33 5044, Goodwin, J,4.C.S., 27, pe 1403 ROOM-TEMPERATURE HARDNESS OF COMPRESSED. BARS. DATA
. (1905) ~ FRCM BASTIAN (REV. MET. 32, 1835, 120)-
120 Leb 37.6 Swisher, 1917 3
. 20 , 4453 - 38 Everts and Bagley, 1948 ' . , ) ' ’
Chel 12 i ' 13’
b -
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‘&.' . The éonductivity of caleium 18 very'high on a leéngth-weight
%’\\:S Srel - -:.- “
< 7 basis: ‘taking calclum as 100%, the & conductivity of' silver is 32.5%
A “;@maategx'and Hardx).

»Tbhpergtgge~cbeff;§ient of Regigtance

<
A

Temperature 4

EO ’Rai_)gé .9C, 'Qoefficifetit .Reference _
_ ~ Not ‘given 0.00457 _ Goodwin, J:A.CeS., 27, p. 1403, 1905
_ »Electfochég;ggl'Equivglent s
Valence Mg, /ooulomb Reference
o2 0.20767 Handbook Chem. & Phys., 29th Edition

Calcium is electropcsitive to the alkali meﬂals, and electro«

E

négative to all ofhers. Its electrode potential is -2.87 volts.
Ionization Potential

-4
=

Tho ionization potential is given in volts for the'element cal-
.ciumiin the atomic slate.

'Roman numerals:(l)

| I 6 111 Iv.
" Vplts 6.09 . 11.82 50,96 © 6947

(1) Handbook Chem. and Phys., 26th Edition, 1942-1943,

514;'

The degre¢ of lonization is indieated by the:

‘Theymal Pr@perties

Melting Point

* This value is undoubtedly too low.

Refercnce N

S,

1930.
International Critical Tables

Boiling Point “ S

Temp., °C. Reference 4 . el

1&390 + 5° Hertmaan and Schneider, Z anorg. &llg. Chem., 180, page
283, 1929. )

1170° International Critical Tables.

12h0°

' Handbook of Chem. and Phys., 1947, page 391, Chem.
Rubber Publishing Company.

e

Yapoxr Pressurse

Temp., 0. " Yapor Pressure, m. Reforence: . ;'w
300 9.6 x 1678 / B
koo 4.2 x 107¢ ' . : =
%00 3.7 x 1074
600 1.2 x 1072 Pilling, N.B., J. Ingt. Metals,
ﬂ‘ 25, 170 (1921).
700 0.19 )
_ 800 1.8
900 1¢.6
1000 7.2

e

- ’ﬁ'-‘sw.-;;;..-a;ﬁm'm‘a‘t;h\éﬁo“%ﬁ‘:){( S b e sy Z2evd m“""" der ooty 1 M‘
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Antropoff and Falk, Z, enorg. allg. Chem., 187, page b1s,
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_ Atomic Weight ’ '
e o - L ' Atonic Weight 40, ‘Wedghts, 1942+
o e Temperature Range, °C, Specific Heat, cal./g. Reference i omnic Weig 40,08 Internationa:l Atoxjaic Weights, 1942
iu - o 2185 40 20 . . 0,157 Mantell and Hardy, Electronic Atomic Structure
I, Lo ’ : Caléium Metallurgy : %
b _ o ¥ 0. to 1000 . 0.149 — and Tschaology i Calcium is a normal metal in group IIA of the periodic systed \
!..,_,.-,:-:.':'."..'. e ‘— SR 5 0 ! .
ls _ _ ) i ‘with two valence electrons, The electrons are arrdnged 4n orbits of
w7 latent Hedt of Evaporation : - ) )
A T2 R ; %2 - 8 =« 8 - 2 electrons in the K, .L, ¥, and N shella, respectively, It
o ’ : « . : ‘
T La;tent Heat of Evaporation,-- « ) o . exhibits a valence of. two in all of ita compounds, including both the
| © . _Galories per Mole . . Réference e "
e ' _ o ) \ oride Ca0 'and the peroxide CaCpe. . .
! LT “v4e53 x 10':44 ‘Rudberg, Phys. Rev.,46, p. 763, 1934 ( ( . .
| ' - B : Pringipal -and Segondary Quantum Numbers#
|. o - ) . ’ - ¢ g ) ’ . i
11, s Entrooy o : Q ‘ _ - N=1 N=2. . ~ N=3 - N=/,
', - , Pressulre, ﬁ:ntropy . . =0 20 A=l £=0 4=l X =2 £=0 _
S State Temperaturs,5C, Atmosphére 0. Refersnce / No. of electrons 2 2 6. 2 6 2
- Solid - .,95.:0 1 I(Kelley, K.K., Bulle, . i Electron shells 2 g - 8 2 ' 2
'- B No. 434, U. S. - % W, Hume-Rotheéry, "The Structure of Metals and Alloyas", Institute .
(T %Wl‘jagox:_ : 25 1 37.00_;0.0_1 Bureau of Mines of Metals and Monograph and Report ‘Series No. 1, l93é page 10,.
o - i : cryst 1 Structuret -
i o-Lingar Coefficlent: of Thermal Expansion ) 1 . ' i c. /p hex; ¥#
oo R . , ' Type of structure : F. ¢, cubg - o/a=1,638 .
R ) , "Allotropie -Coefficient of ; yP , ) .
. Iemp, Renge, °C, .. _ Form Expansion/°G, ___Reference ' Coordination No. .12 6,6
g 20-100 o ,< 25.2 x 1076 ’ - N : - lattice constants, a | 5456 7 3.98 -
R 300-440. . o . JBastien, P., Rev, de . e - : 6,52 .

E Rase ol " 29, 10~ 3 ’ v,

L . . DS , g_!g;'zlggS 1) page Interatomic distances, dj . 3.93 , . 3.98
- < , ! , 87 . .
1“ 4?0 500 Y 29,9 x 10 ) ( d - 3.9 , - . v
! o . : Goldschmidt's atomic diameter S } - 5
‘l ) . " Atomig Propertieg for coordination No, 12 3.93 ' " 3.98 : ( '
:. “ _ X ‘ é . 5 % From Hume-Rothery, Ibid,, 193v, page 41. < I o
P Atomic . Number - . ‘ #% The hexagonal modification of calecium is stable above 450°C., and ¢
e ' , - ‘ all of the figures given in this column refer t6 temperatures just
# - - Atomic number 20 5 above the transition temperature. . S
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Ao Wo Huil, Phys., Rev,, 17, (2) 42 (1921) from X-ray measure-

w8 ' | 7 Dengity:
=me’£t~g[ 6? rcaic,iﬁm found a face~centered cubic lattice with four atoms ’ . ,
A - T } ' ) Density Reference
""" per’ elementary cube, a side of which is 5,56 4 and the smallest inter- , . '
s DL o, : C - - 1,55(1) : Handbook of Chem, and Phys., 1947, page 1,
SIS "atcgnic gistagce is 3.93 A. = . : : Ghem. Rubber Publishing Company - 3
57 ’ ' _— - . . © 1.542 & 0.0005(2) P, Bastien, Rev. de Metallurgic, 32, (1) 127
S, AlLotropis: Transi‘orm gn ) ' _ . (1935) :
e O ' . ] ' ) : , . 1;545(3) _ ,Biltz and Wagner, Z. anorg. allge Chem.,,m,
L o Stable at ' . : _ 3 (1924)
.+ Phegh Tempemture, 2¢. . GQbseryer ) , : ‘ )
- P ) ' 1.540(4) Rinek, Gomp. rand.,_Q_, 421 (1931)° )
5 A S < 260’ i P. Bastien Rev. -de Met., 32, (1) pege ‘ .
1‘ » 154 (19359 | P ©1,805) Gref, L., Metallwirtschaft 13, 649 (1933)
' ye, 260-440 S - _ , Physik, Z. 33, 551 (1934) "
b - - E . , ) ' 1,52(6) §
- © FCOST===B(CH ] (1) At 2ooc. referred to water at 40, R - )
g oK . £ ) ’c (2) “At 200G, . E ‘ I
| o( T <450 Le Grafiiti, Metal"wirtschaft, 12, 649 (3) At 25°C. referred to water at _403. _ . src ¢
| - ® . : (1933), Physik. 2+ 22, 551 (1934) = (4) At 17.2°C, referred to water at 4°C, =
1 /3 s > 450 a ‘ ' (5) £ ~ calcium, wire extruded at 450°C.
}“'. o o ) ’ (6) /7 = celcium, wire extruded at 480°C. ) .
2 Py § <}__> 4
- FCC=E=2=HQP .o _ . . . .
1'. . _ N - . ) . . “ v . L. g ‘_ ., P
11 . 5 _ Transformation Schulze and- Overberg, Metallwirtschaft . Compressibility . : : 4
T < ‘temperature - 12, 633 (1933) : ' , : S
P . 430 to 450 . , ' ’ : - 5
| - The compressibility or percentage 'ohange in"'volume with unit -
I 3 ‘ ' ' N o change in pressure of one megabar (O, 987 atmosphero; 14,504 p.s.i.; of
& * "Dsspite the evidence of a transforma‘blon somewhere between R40° '
o and 3009, the lattice type between 300° and.450° has never . 7 calcium is(l) . _
e . been: defini'bely determined, " (Mantell and Hardy, Calcium . ) '
1!.' L l:\fgz:;l%urgy and Techno 0gy, Reinhold Publishing Corporation, . ‘ cubical, at 30° O atm. /3 = 5.885 x 10 o
l N L B . N
| - | . S cublcal, at 30°, 11,600 stm, /4 s 5,300 x 1076 -
oo %% "he existence of the body-centered lattice seems to depend on - “
l1 o ~ impurities, and it is believed that above 450° the lattice of _ cubical, at 20°, 99-343 atm, /F = 5.8 x 10-6 X
3 -~ pure caleium is hexagonal close-packed." (Ibid, ) ' - . . ‘ S
1 " ) o - where /7 = —__ 1  x dV (cec,} \. : Tiﬁ
5= %kk Gref used-calcium 95.4% Ca. . . : - vol. cm.  dP (atm, :
< . at 20° 100 to 500 megabara per 8q. R ’
' : compressibility = 5,7 x '10-6(2)
- g . Referencess l. International Critical Tablaes, % (1928),
‘ o . . 2. Richards, T. W., JeA.CeSe, 37; &.3 (1915).
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Qﬁemigal and Corrogion Properties

*’Qorgdgion ?regggtdge

' The Tesistance of metallic caleium to corrosion was studied
; at seme“length-by Bastfen(ll Actually its resistance is extremely poor
| f“ : i@gaihetzmoet reagents.. G.-Cheﬁdron(z) has poitited out that ceicium,
"~ “like megnesium, is attacked by water snd dilute acids by a purely -
" . chemical prosess, For this reason, the effest of impurities is oi'ten
L - ")' less marked than in mgh& other metalsg. However; Bastien(l) says that
the feadbliméd“metal,iremelted under argon, retains a brilliant white
Q?IQF fof“e long»time when exposed to dry aif. Exposed to humid air
it becomes progreseively coﬁered with a chalky white cQating, but that

this corrosion is. alower and a great deel mors uniform than it is with

f_ more impure metals

I3
<

3‘5'5

7S

3

ﬂ '

=
c

v

1
| ",'_ Using a corroding medium of one per cent hydrochloric acid
1 olicl, Bastien obtained straight-line eurves to rop- -
: resent’ the. equatlonF f (), where # = loss in weight of the seoclmen
{. = and t is the time. For the three grades of calecium he used (eublimed
: ~ caXeium, 99.3% Oaj electrolytic caleium 98,5% Cas commercial Ca 86,7%

" "Ca) the loes’in weight after ten houra was found t6 bes

- - f-eublimed caleiums 116 mg,/omi?

. . : L eieetrelytie calcium: 147 mg./cm.?

~ comiiercial caleium: 120 mg./cm.?

) (1) P. Bestien, "Properties of Sublimed Calcium" Rev.
_ 32, (1) 132-135 (1935),
i iy #2) G Chaudronﬁmhlcbxm' Reine Metalle,A,E. Van Arkel, Berlin, 1939.

<

Metallurgic,

i

1 . <. ;. .
. At »‘g LSt

to

The.impuritiee in elsctrolytic calcium are largely metellie,
while those of the Eemmerciel variety'are for the most part calcium .
chloride and lime, whiech blanket the calcium cf&etala, retarding cor-".
ros;on. Figure.2‘éhows(graphicallj'the reeulté;of\theae experimeqts.‘
v Figuee 3 aho@h the*relefive’rate'bf corrosion inwdiitilled?.,
water and various acid coneeuerations, as meagured by the rate of gas .

“~

evolutlon produced by a cylinder of sublimed caleium B-Qm. diamgten

=

by 8 mm, long submerged in the corroding” medium.

, =
S B
r -

Figure 4 is similar, but shows the Volume of gas given off in
the first fifteen seconds in an acid of given dilution, It 13 evident
that sulphuric acid has a much less-corrosive effsct thaqkhydre-:
@hlerie or nitric‘beceuse of the‘foimetion of nearly insolubie qeldiug
sulphate which elings to the surface. Miliken(2) hee-;eported the
exisﬁence of sevéral hydrated chlorides ﬁhbgennoiubilities are differ= -
at 0.05% HCl, since this may correapond ‘the formation of & hydrated
chloride with a low solution rate, The rate of attack‘in'giﬁrie=ecid
shows a minimum wdth about 5%'acid and a maximum witb:ebogﬁ 75% acid

concentrationol Moissantz),and Bagset and Tayldr(B) have studied the

. rate of attack of calcium by nitric acidy Bastien's curve confirms @hqg;

findings, As ih the case of the hydrated chlorides mentioned previoualy,
the hature of the hydrated nitrates forméd and the rapidity of ‘their

diffusion influence the rate of solution of the metal.

1) Milikan, Zeit, Phys. Chem., 92-406 (1916-1918),
{2) Moissan, Annaiesdechim Phys,, 7-18-295 (1889), :
{3) Rasset and Taylor, Jour, of Chem, Soc., 101, 576 (1912), - -
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o e Figure 5 shows the resulta of a similar study of the rate of
] ';’. gittack in polutions of sodium hydroxide. IZT;ZI;fibns containing 100%
;: ﬁ : tO 10% by volumé of* hydroxide, the rate of attack is elow. In from
A 10% to 0% catistic sode solutions the rate of attack increases as pure
i._waytér_lis-‘apprqache&,~and{.somewhat curiously, in dilute solutions the
rafe:§f~att§c33begins giéwly'gnd-then accelerates to equal that ob-
. tained in distilled water.,
S iﬁ;geiéral, the resistance to corrosion of metallic calcium‘

A4g ‘poor againgt water, moist air, all acids, end dilute alkalies.

.

Miscellaneous Chemical Properties

Caleium and ¢arbon react exothermically when heated together
.. to form ealcium carbide (CaCp), & white solid when phre(l).

. Galoium metal does not react with dry oxygen at room tempera-

ﬁtune, but combines rapidly at 300°C, or above., Similarly, it reacts

glowly with dry nitrogen at 300°C,, but the resection becomes rapid at

L ture, but the reaction becomes violent at 400°G. or above.

-

: The hydride; Cels is rapidly formed with hydrogen at 400°C,
: with .evolution of heaw. Higher yields of Caly are obtained at lower

¢ - temperatures (250°G. is optimum), although ‘the reaction rate is slower,

o Ci) Mantell and Hardy, "Calcium Metallurgy
& Publishing Corporation, New York

and Technology", Reinhold

Drg chlorine or bromine doss not attack the metal at room tempera-

The avidity with which caloium reacts with water is made use.
of to remove the last traces of water from abaclute.alcoﬁols Almo, ¢ . j
when very high vacuum is desired, metgllic ialciumg heated in a ﬁnb;= - N a.;-q;%
connected to the evacuated system, takes up the oxygen and nitrbgéﬁ,‘

thus reducing the pressure in the system to very low valuess Galgium
-does not take up ergon; hence it is used tc separate argon from nitro-

gen, It reacts in moist COy to form calcium carbonate, but when~r¢§i§b

1y heated in €02, lime and calciumhcafgidé are formed. Heated in .

ammonia, calcium forms the hydride and nitrogen. In the cold, galéiun
Toactsiexothornicatly *i‘ﬁh sumonia to form Ca(NH,)g, which is con=

verted to Ga(NH2)2 in the aosence of -air,. '

°

A

PN

large number of natural compounds of ealcium exist, .0f which

limestone (CaC03) is the most important.

Liddeli(l) mentions the following compounds; calcium biqulphato,d

bromide, carbide, chlorate, carbonate, shlorids, fluoride, hydroxide,

hydride, -iodide, nitrate, nitride, oxide, phoaphate, auiphatg,'gulé

phide, sulphite, and tungstate as having some commerciel application:-

£
o~ - S =

ALLOYS OF CALGIUM

- Fundamental Considerations ' "

ize Considerations

Calecium has a large atomic size, the face-centered cubic. form v

having an interatomic ‘distance of 3.93 angstroms at room temperature; ) i
1) 1iddell; Hendbook of Nonferrous Metallurgy, ﬁé&?aw-ﬂiil Book Co.,
Ine., New York. ) g
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. ) and the highxtemperature hexagonal-close-packed alloirope having an L2 - ’ S
o 4 S e 3 b= ’
‘N ‘ interatomic diat 8 4 ® 35 2 <
o ance of 3.98 just above 450°C., The bulk of metallie ' 2% ee @ :
T dtoms have interat B 23| 2233y f8r2 2 cvvwa o ‘
- e interatomic distences loecated between 2.3 and 3,0 angstroms, & SSS Sl Sdon 4 42%%l eREAI )
. ) = ~— S eSS0 00 oo o a -
& Al Q 3 N e
“which are too small for extensive formation of solid solutions, acecord- i g3 g 2 o .
ﬁ: '0 : « ~ l" iy ]
. : ol 0 R . ’ Y
ing o'} Lme-—Rothery's aj,ze Pactor rule, Bl e | s Cvon S v
" . R4 Sl © ‘}";"}"?—'v anBa° e ,;:-:g"‘ﬂo'co»c\cné
4 ! v IR O
Table 2 lists ths interstomic distances of the elements angd 2 j - -
9 ~=
“ L tneir dif , , . . B < . .
: = it differences from the 1ntera$omic distqnce of calcium, - . 2 o
- * N - ’ K ¥ b4 § o . -
& o - 2
= olut:l U i 1 ’ = 2| 2% ’
. : ons. Using the c“StOma!‘Y +15 per cent dif- sl £% ) LT
. 4 ) s,
Coe r’enee i inte?‘atoml (-uz g e e
) ¢ distanoe as a critérion of a good—size fit = N § = w - 2 .
‘ O < ~
= - .8 I o . . -
- the only eleients which are’ “cloge: enough to esl oi um in stomic size to 3 TllEZs” < % i
= ¢itm In atomic size b =) . ‘_; L . - : T o o
. be -expecteg to form solid solutions in ealeium = 2 E ol S8 J032 3 ggans 2em g KT
R . . A A -~ R
‘ 8r9thefollowj_ng E NNNNLTN o S maNNN NN e S ;%?:
E . P - N,B.’. >
: ‘ barium +10% o g . -
. - Misch metagl {cerlum -,7'5% - . ) ﬁ § ﬁ¥ 4 - - 1 -
- - . lanthanum -5% ~ 1-e.2 5 g
. - g lead -11% - of E2 2 < 8%
1 . O ot P Q MMmON MmN - . -4
strontium  +9% = Al 551~ ~ —~ ~NPAS Taa v 5
£ thallium -13% 3 3 § A - “E
B yttrium -8 < s s - sEs
g = o a5
—— Bgr_t_ier'l "nn casea_; b_tﬁ - 5 an& 20 . . : - f'::é ?-
2. A . . T - == — PSS 3L =1 It
Per cent difference in atom sizes, :: 3 . °§=f§
alre uhe fol‘l'owingg ) 2 S B °: O:: 2 :‘};"g% )
-8 B < " a =2
< . v W 3 . FAN
kS B i . . &= Q a8 8 =1 hs- § ’E 8 . ‘0’
O o S hafoium - -19% s L] t va oo T e o4
P '!hﬂium 5, . 8 -g-gua 2 &jua" [ /Qf-! =um e .gn,l“é—
- | potassimn  +1o4 = =28% =.°p28 YHEPE ABR. By g :
L . otassium + - ~ . s b, -
. ’ S 2] o j k] .
.- zirconium  -19% T g ! < o Tm< o R @ 85§
. . = S8 %99LL @i v X Tomw Tt L 3'3"%
. 2 bt E i T s i 2y oo} ol U o I KO - 30
: - J .t ey e
Int rstitial Solid olutiong. It i S - | 2 o o s B - 3 n&f
L L * 8 customarily believed that only = S _;5 g §° %" S FEER § Lovwww wewwew o °8. e
transitions] etals (those. metal A s 0 S=sw 2522 4§ 98553835 58828 §pd o]
A metals with unpaired d-electrons in their S | T TrEr pEme s fevew seman] 2% .
L e N N e @ ” " & 9w ow 4 ] b * B
imler Orblt) form interstiti . e et ) v O —y - [--ar — et .-1 ) ..: :f; ;5 ,:: g.} 2‘3 -
al solid solutions, and ‘these with small o
L Mol - -
boeo - €léments: w":ose int & 555 '
eratomic distances S g S X & ,
L ~¥80ces are 0.59 or less then that of the 15 Beoe.2 = o g . 5 e | 293 ,
e ' ‘ ; o] 2 E£%55 §5:.23 § Ezews 5 SEBa] 2y .
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- tions'with it,

-

For the tran31tion metals these small atoms are the

;.4} meta1101ds, carbon, nitrogen, bydrogen, and oxygen,

v

o Sinee calcium has a very large atom size, it may be possible
that some of the small mntallio atons will form interstitial solid solu~
The last column in Table 2 lists the ratios of the
inYeratomic distances of ths. elements to that of calcium. These ele-
menns irn the order of 1noreasing ratio are:

. hydrogen 0.12
. ‘ ‘CXygen © - 0.34
P " nitrogen 0.36 s .
- carbon 0.39
, “boron . 0446
_ beryllium 0.57
- : silicon 0.60

@

There is only a slight posqibilitv that t hes emenis can go into solun‘

bidh in eéaleium.

i

Valence Considerations

7 Accorﬁing‘to Hume-Rothervin relative vélency rule, other things

- the soliq solubility of me tals with electroniec valences

(number of eze ectrons in outer orbit) higher than calcium should be

in ealeium than the solid solhbility of

oalcium in them, Cale

cium/hag,an/elactron valence of two, Thus, the solid solubility of

lead 1n calcium should ke higher than the soliq solubility ef caleium
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Electronie Bornding Congidérations

d-bonds as well as nmetallie bonds.

" 47% Ca (ACaz) e At the silver end there is mo solid ‘solubility and

. VE

~

-

Calcium has a normal eleotronic struoturo, andiis bonded. to=

gether by purely metallic electron bonds, Therﬁ’ore, it cannot be ex-

pected to alloy well with the transitional elements, which have un<

paired d-electrois inside of the valency elsetrons; and are bonded by

”

e

In other words, the exchango forcol
batwe e atoms would be broken if extensive alloying took placs be-

tween calcium gnd ransitional metala. This eliminatog Batals like

Voaw

iron, nickel, titanium, zirconium, columbium, tantalﬁi,'chro:iaﬁ, - R

molybdenum, etc,, from consideration as potential elloying ei;nynto

¢

with caleium,

“Aklox Sxatoms*

Silver-Calcium Alloys

eThe conetitution hie Bilver-calcium alloya occord-

AL = s
YWMviav: Giagl&l f

""b

ing to Hansen(l) is shown in Figure 6, This shows a eutovtic at 60;5%
Ca, melting point 470°G. with no solid aolubility and a compound at ) o

a eutectic at 5.7% Ca, melting point 653°C, between silver and Agépa. _ ‘ di
Mantell and Hardy,(?) quoting Degard(3) note than an X-ray study of the. L
silver—oaloium system gave no indication of the compounds. Agcagg Ag¢03, . Qo
or Ag,Ca. The compounda AgCa {face-centered cubic, with a = 9,074)

%  Numbers in () refer to reforancea at end of section,




R N ¢

andsAg30a (tetragonal, with c/h = 0488 and ¢ = 9,96A) were found, The

diagra aazgiven wa@ congtrudted by Baar(ﬁ) frem thermal and miero-

scopic measuremsnts, and

gppears to have been checked by Kremann,

'w Wostall and Schopfer(5) by potential measurements. No real investi-

gation of the solid solubility relations at either end of the diagram

. ‘ hag-bgen made.( There remains a poséibility of

¢
I3

L bili ¥ e% the calcium end of the’ serias.

congiderable solid soly-

‘ < It seems probable that the. compounds formed are ionlc and would

make no useful allo

A Soms commercial appllcations of the 2 5% and 3% Ca-alloys have

been niade in electrical’ eontactso

e;leium

Little is known. of the highZ
" alloys, - |

7« The diagram shows two eutectlca, one at 73% Ca

and one at 7.55% Ca ,llt

.

-

The aluminum-calcium diagran from Hansen(l) is ‘shown in' Figure

(mel ting point 545°G,

Ga)

Gs) nd two compounds, AlQCa

; The latter has a . suppressed maxie
~. - iy -déi‘;omﬁé‘s’i’ﬁg'gﬁ 'ﬁ7oo,°c to 1iquid and AlsGa,
- melte &t 10790G, ana d is WnuBLAILY stable,

heim(6) assumed that what is supposed to be,

The latter compound
Nowotny, Wbrmnes, and Mohrn-

A13ca is a peritectically

formed mixture of Al5Ca plus aluminum, but Einerl and Neurati{6a) ,

port the existenee of AlBGa. The diagram ag given is from Matsuyama(7)

and practicall; ghecks an earlisr g ermlnation by;Donski(S) except
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,Jﬂ‘aﬁ the la?ter placed the high-aluminum eutectic at 610°C, and the de- i : . , -
Y s ) ¥ 450°C, was not investigated, More work is needed at the calcium end of
Lo composi'bmn point, of Al30a &t 692°C, Matsuyams shows a solid gol ‘ : oo
ﬁ?*‘# 3 W 8 o Fotu- this system for confirmation and revision, ‘ ‘ 0 :
“ bility of ealoium aluminum of 0.,6% at; 616°C., falling to 0.3% at

*”'}i.ll on temperature. - No Solidfsolubilit*

Boron-Caleium Allo _

) Mentell and Hardy(?) 114t & large number of patents of alumi

num alloys containlng up “to 2% caloium, and the list 1
plete .

Little is known of this series, Hanaen(l) quotes Stackelberg -

and Neumann(11), saying the boride of caleium has the formula GéBe

8 still incom-
No uge. has been suggested for high calcium—aluminyumn alloys,

with a cubic CsCl structure and a Bg space group (one mclegulz in ale-
. \$ﬁ£‘$§;124a:g_a-l_c;ium~ Alloyg

mentary cell). They state that the metsllic character is evident fromﬁ

) the electrical conductivity,
Calc*um arsenide, 033A52 (44,

5% Ca) was prepared by Lsbea ul9)

3

by Mantell and Hardy{2) give the melting point of calotum boride
nf ?irect synthesis and sl8o by reduction of caleium arsencte, as about 2000°C, It does not react with water, ‘hydrochloric or hydro=-

‘ “:i\ ? 4'2’ Fith carbon, in 1899, Available literature contains no fluoric acids, but is decomposed 8lowly by coancentreted aulphuric aeid

»° er referencs ?o this alloy system, | - and energetieally by nitric acid. The eompound acratches quartz eapily

0eldGeloum Aligys 5

. and is just able to scratch rubiee. Kroll and Jeﬁsen(*~: nave preparad

The bin o the pure compound and state that it has nearly the théoretical compo- o
e aj'y moy dlagram Fi [} Py n l L K B
? T & P37, froi Hansen,( ) i . . ion ©1.84% boron, 38 162 calcium, and its density ia 2 42. It ia
» pared by Weibke and Bartels(lo)e}mwn & series of six e l ' -
T eut tic : © ompounds with four , claimed to be an effegtive deoxidizer for steel,»gogper,,and'their ",‘i -
.e?} %8+ 4% the caloiun énd of the dlagram, considerable solubility o
\ T » : -
- (aboyt 11%) of g0l 1n cateiuy 18 indie

alloYs. ‘ . . ) ; RN )
ated and a eutectic at about N )
87a5% Oa melting gt 65800, 1, Barium-Galcium Alloys o
(21, 32% Ga) both'h + e sompounds A“C"3 (28.92% Ca) and AusCe, ' SRS AL ‘ « - - S
':" a [o] N s T - ) _ r T e et
P #v¢. Suppressed naximums, The bighest melting com- An X-ray investigation of* this system was reported by Klemm : -
‘*1; pound (melting point 1015°¢,) occurs at 18,43% Ca, éprresponding to

and Mika(13), They found a wide range of solubility of caletus in

barium, the maximum being 63.4% Ca, . A nerrow two-phase field extendl -
from 63.4% to 68,8% Ca, and the maximum solubility of bar ium,in cdloiunm

. ce ey e

is 31,2% Ba. o . . . T , wd

35




From the Limited data given, it i

points oﬁyall -of the alloys ‘do not vary widely from those of the com~

ponents (Ca 85lPC. and Ba- 70490 ). Although a wide series of 91ngle-
*_,yhage

o

resistaﬁce would be at &1l good, since both components exhibit very
117'; good chemicai actlvity.
.,

B
RN P
i

5, ' o

DR “ Kroll and Jesst

14) made an alloy of 26,74 calcium, 71.2%
-beryllium by,

dropping e piece of beryllium into molten o caleium. held
+ 4% a magnesia crucible under an argon atmosphere, They obtained‘a
button with g beryllium core and an alloy soating of‘

“given, «

the composition
The alloy was very bri*tle.

~

- Froit the foregoing descrlption,

Liks: —?‘Hébﬂx‘ of @Ay ugeful

mélting'pgint of beryllium 13 well above the bo

:alloys would be difficult to hrnpnre unless the beryllium dissolved

there appears %6 be small
alloys of beryllium in caleium,

Since the
iling point of caloium,

*uﬁ ~’rsadily in the calcium, which ~does rot, appear to be the cage.
i;*‘ atructural materiala, calcium-baae alloys with beryllium d

0 not appear
promising. o ; i

As

>

Y

,:-f' o The bismuth—calcium 8ystem shown throughout, the entire range by
Hansen(l)iataken from the work of von Kurzyniec(ls) Von Kurzyniec!s
diagram is shown in Figure 9,

His calcium‘probgbly contained nitrogen

2 probable that the melting —

~alloys is 1ndicated it is. -extremely unlikely that the. corr091on
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D A

+ lowering @bﬁ*ﬁéitiﬁg“poinb,toi81690. In consequenve, the true temper;-

~'115*@fe'0f“%he BijCas = Ca eutectic presumably is above 786¢¢, Donski(lé)

ismuth enqg undefin

'gé;n . Placed the euteetic between b ed érystals at 26500
= P [ k3 A4

form calecium acetylide, Cacz,.

dces not exist),

Ladnium A1) oy

WX
L

i - 'Hafl,se'n(l’) g1 ; o ,
co T BEVes the diagr§m7°f Fige 10, p. 40 to illustrate the.

Donski predicted an appreciable solubility

of cadmiun in caleium from the extent of the eutectie Iine at 4150¢,

high nitrogen content,

which he ﬁas able to detect by thérmaifaPrests

From a theoretieal standpeint, more work is needed in this

system, From the standpoint of corrogion résistahce, the alloys

appear unpromisfng, even if the melting point of the sutectic were

considered high enough to make the alloys valﬁable. -

Calcium-Corium Alloyg ) :

g

The alloys of caleium with cerium are hard, white, stable in

air, and strongly pyrophorie, aécording to Smith Hopkina(65). The

calcium content of these alloys is not given, Nowotny(64) givea X~

ray lattice constants for CaNi; and LaNi¢, For CoNic, & = 4,864, ofe = B

11644, d = 8074; for Laﬂis; ‘a = 4:952, c/a = 1‘616’ d b 8.370 Cérim

is one of the elements whoge atomic volume is a close match for cal- - E
cium, making alloying possible. Some further study of this é&atem is D
desirable, ' : : SR . ‘Q

| B
Caleium-Copper Alloys

P

Although the Institute of Metals bibliography of the consti-

tution of alloys(le) giﬁes a number of lafer references, ho new dia-
gram has been made since that of Baar(19) in 1911, here taken from

Hansen(1) ang shown as Fiéq;a 11, A1l of the later work is at the




‘M‘ 7l & %

AT
1 . \ Schmalze L g | [hnep
’ oo} SN — :
g o B : \ i, Schmielze + o~
N 8 ﬁ \f‘ﬁ;ﬁm N 7 »
- ém .-;‘;- K = -
> - = IR Y N Schmilze +- 7 Schm.
L O A A Mo da -CacisCultl +
- v S~ e & & & w b odl o g
" ] "-"-W M‘f’ -b—-.‘—OUM-—v“_. a— u 2
:f . 2 ] .. 1
: R - -1 |k - g " !’”‘
| N . M \ : o + Corlity #¢ _ g 2 s (S
o H NN
L - T i w700
: Y Gew-%cd &
S FIGURE 10. THE GALGIUM-CADMIUM SYSTEM, ACCORDING TO ponsk;(!?)
. Afom-%Lu
E . 1 s S 2 - A—
L i R S =z
L oo
. » o
‘ - . Schmelre
| Sl Lo G| o
: i \,‘
-a S s
, S0 —he—i= ~—
N l"e . “~,
< “-\&#me/:_efﬂ ‘-\\ i
o0 Xy N Lut=d)
N 3 -4 N N syt
: ; j? Mot
500 |- oy _ g - '19*.}' ™
<40 I G ' °
o 70 20 e Ty g . 6o 70 80 20 7773
la - GEw-% Ly Cu

¢ FIGURE 1. THE CALC?

S

"UM-COPPER SYSTEM, AGCORDING To paagl®)

~r

. With liquid iron,

TR 4L~%ﬁ"&$&igwﬁiw %ﬁ TR R

o i P
-

o
Y

#

hd i}
Yy

copper end of the diagranm,

where the alloys have considerable. . GOm- .
mereial importance, The autectic at

about 38 psr cent calcium (meltm
ing point 5600¢,) is between ¢_leium and the compound CaCu

4 The -
eutectic alloy is quite brittie, There appears to be~considornble‘
solid solubility of CaCuﬁ in calejum, Baar found. the inversion point
of calecium raised to 4820C.47°C, between 90% calcium and 40% calcium,

Below 40% calcium the inve?sion point line on the diagram is indefi~

nite,
Haucke(20) found the. intermetqllic compound wag caCuS, not
CaCuL, by X-ray determinaoion of the structure,
. The probability of finding a useful high-calcium alloy in

this system is based on - —the-validity of the extensive solub*lity of

copper in beta-calcium reported by Bsar. Even if the alley were use-
ful, it still mey have poor corrosion resistance,:

Galeium-Iron Alln (1)

Quasebart(21) ng Watts(22) weﬁe each unable to alloy calcium

Attempts to interdiffuse caleium and iron at 7500C,~

770°¢C, and at 850°C,-880°C, were also unsuccesaful, ‘Watta said defi~

nitely that iron and caleium do not elloy. Ledebur(23)‘ Stockem(24)

and Wener(zg) also obtained negative results in attempts to make cals

cium-iron alloys.
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s, sCaleiumsllercury Alloys
> * oG Pt - & .
S W," v P ) %

Yoo, . B o

-y ‘ Hanggmii? ghows two rather different constitution diagrams in
ﬁﬁe‘iéggb of;90%.me¥cﬁryianﬁ over, but éoes not discuss high-calcium
Cr \ailbyg-of t;ig'ayﬁpemuag ali, apparently‘beeauseqﬁhe'mercury boils off
%f¢ “ﬁpfore’aiioyi;ga |

N s -
s v “ -

galeiun-Lithion 411oys
rm-$he~géﬁi}ibziumrdiag;am of=calciﬁm41ithiqg,allo&s was in~
‘vestigated by Zamotorin(zéj, who made,époling curves using a special
.fufnqpe with an argon atmosphere and a Kurnakow pyrometer. He de-
e termined a ‘peritectic Ca + 1iquid———e—CézLi at 225°CG. GCaoli aﬁd Li
f;rmva outectic mixturs at 165°C, The maximum hardness corresponds
6 Gagli, Nothing is reported about the stability of these alloys,
2;_.‘ < - 'Thg-diagraﬁ cbrrespénds to Type IIIb in Junecke!s(27) systeim

of classification of equilibrium diagrams.

) (Zamotorin's original article is not available,)

-+ Galeium-Magnesium Alloys

) ' The calcium-nmagnesium system has beén investigated in certain

_rapges by many authors, but the only available data for the high-cal-

- ¢ium end of the system. are those of Baar(zs) and'Hansen(l), which are

* 8hown in Fig.12, p.45. Baar used calcium with 0.55¢ Al - Fe, 0.28% Si,

and unknown, but presumably rather high nitrbgen, and made his melts

P N

~

. : Co N =
i PR N WVN 1} I's S g Y

Ty 2 B agmr e e e i e e g an 7
NS X R R i -t Honin st '

{

considerable error in temperatures is probaﬁlé at théliighﬁealciuﬁ §Aﬂo
He did not investigate the solid solubility of quugé'éither in caleium
‘or magnesium, Haughton(29) has shown 1.8% caléiuia diééolvea in mag-
nesium at 5179C, and 0.5% at 250°C. Quite similar results were re-
ported by Nowotny, Wormnes, -and Hohrnhoim(go?. Loouis(31) éeporta
that a few per cenp of magnesium in caleciuvm hardens the metal and

-

stabilizes it somewhat.

Only’oﬁe sompound is formed, detg?miﬁed'as 6a3334 (melting

point 720°G,) by Baar., The ei}stence~of tﬁis compound. was coﬁfi:ma&
by Kremann, Wostall,uand Schgpfer(325= Paris(33):balieves the compoqu
is CagMgs (50.,3% Mg) instead of Ca3Mg,. However, Vésgk%hler(3&},%w
thermal analysis and micr&graphic examinations of caleium-magnesium .
alloys with up to 60%'Ga, found only one compound kz,0a (melting point »
714°C.)s A“eutectic between this compound and magnesium was placed
at 16.5% Ca {melting point 51&C.). A eutectio melting point_ﬁenuépn
MgéQa and Ca was determined at 4;5°C. He reported the solubility of
calcium in magnesium as 0.18% at 300°C., 0.29% at 400°C., 0.66% at '
500°C., and 0,78% at the eutectie, or considerably less than was found
by-Héughton. ’ ‘ | B

a Although magnesium additions cannot be expected to forn‘htabl;
alloye with calcium, the addition of magnesium in amounts of less than
10% (so as not to depress the melting point unduly) might be qgi@e-dew
gsirable in an alloy £o be protected by cladding Qith a stable metal or'

tn

pilastie coating.
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' ‘;:gen. Her apparently d "dfnot{appreciate the notable depressing effect on

B the meltin! DD:‘!’! a 5"‘“‘1‘3. amount

Information on this Jystem of alloys is very incomplete, and

&

g ihe solubility is probably similar to. that of iron. Nowotny(°4) 2ives.
T X—ray lattic'e eonstants for GaN15: as 4.952 ¢/a'= 1.616, d = 8,37,

The addition of small amounts of calcium with other ) cmen_ts, partic-

'iilarly.--r z!irconiuni' and a-luminum, to nickel alloys is said to increase

=

‘the useful life of. high—resistance, nigh-temperature alleys. Calcium

is useful 88 - a deoxidizing agen‘b for nickel (calcium—gilver alloy with
~or without cerium ig used),' 66)

<

“31;16@§Nitﬁ9 en~Allo g and the ﬁeltin Point of Pure Qalcium

v

. Nitrogen "combines“ with caleium to form the compound CagNy with
18.90% N, The melting point of the compound is 1195°C,, according to
Antropoff and Falk(%) s whose partial diagram is given in Hansen(lz and
is shown in Figure 13, A eutectic with 2 2% N meltq at '78“°G.
o Unf.‘ortu;xately, most of the data on calclum given in the lltera-;
ture do not.tdke intd account the marked lowering of the melting point
-of calcigm by a gmall amou\t. of nitrogen which is

as an impurinyo The Chemical Rubber Handbook(36) in at least all

editions up to the 3Cth (194'1)4--88 well as most available tables in

”'Eng.!.ish giVe the mélting point of calcium as 810°G, Hume-Rothery(37)
"‘- .-deterxnined the melting point as 820°C, by melting the purest caleium he

. had -availabl,e in an alundum crucible under argon containing 10% nitro-
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,ﬁntrapbff and Falk! 5

‘n.f

obteined caleium wi h 0.06% nitrogen

. i value‘85190 &19@. as the me’*ing point of ohemlcally pure calcium,

e ter, Hof ?mann and Schulze(38) obtained soms very pure calcium pree

T pared by W.fKroll in the Belt Alr Laboratory 4n Luxemburg, assaying C

‘>.a

. 99.9% Ca. bpectroscopic detérmination of Al, Sl, Mg, Fe, and C t ’

'“brought the balanee to 109%. Nit ogen was determined as 0,014, Both

-«;’ "ﬁhe relting point and freezing point of this sample were found to be

.....

849°G. Other specimena with h*guer trogen content gave average

values of 81090., 813°C., ‘and 819°G., but the melting points and freez-

’ ing points did not_ check,. By ex trapolatio they agreed with Antropoff

and Falk that the true melting point of caleium is 851°C.31°C. (Simi-
larly, they determin the melting'p01nt of strontium ag 771°C. and

barium as 704°C,)

©* gives the dst@ in T&bls 3 to indicate the sffect of

. In viéw .of these data, it must be pointed out that all of the

'éarlier work by DonSki~and by. Baar'who‘alone have made serious Qttemnta

to inwestigate a wide range of high-calcium alloys, is of questionable ’
‘aceuracy, especially as to melting point- (end it also affects solid

,,,,,,,,,, Both Donak* and Baar worked with calcium containing-

bcuv 0.55% nl+FG, 0.58% S103, ‘and undetermined nitrogen. Their alloys

wére melted in Jena €lass, which was attacked by the high~calecium alloys .

. under hydrogen or no atmosphere. - A1l of their high-ssl <SRN

. . .covered with oxide and zesle;

-
-

TABLE 3. THERMAL ARRESTS OF CALCIUM, CALOIUM NITRIDE ALLOYS

Upper Lowex

CaqN- e Arreat, Arrest, '
e 22 m$. oG, _ °C. Remarks
"Distilled Ga .03 0,06 - 8484, -
6 0. 817 © - 809 Teohnical Cas 0,25
HETE : @ . 781, 0,15 A1, 0,26 i
X R . Fe; 0,63 “83 0.66
. Nglly :
88.6 11.4 2.2 B4 780 . From subiimed Ca
74;6 ‘ 25,4 L8 - 8’7 780 Ffom‘aublimed Cs
: Caanz' 100.0 18,9 T . 1195 (39)

It
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o s Nitxogen has no solid solubllity in calcium, and forms ne use-

cow . l#
. fuf alicy..

B ‘1‘ .l ? f N s

,
B3

-

-§¢?L~ii¢_ ;OV§? the range 14% Na to 95%-Na”"two liguid layers are formed

en =me1§mg;" .Hané"én(l) gives the equilibriun diagrem of Fig.ld, pe50.

b

o=

;;”%f atudy which- is. reviewed quite fully by Mantell dnd Herdy(2)°

Ths data are taken frcm Rmncx(ho) who used nitrogen—free calcium (melting
point 848°C.) and Lorenz and Ninger(4l) who used an impure calcium

Lmelting-point.aboux 8l0°C, )e ‘The liquidus 1ine at 710°C. was placed

at 700°C, by forenz and Winger. Metzger'’?), after melting sodium and

~ca1cium in & bomb au 900°C‘. found twé layers in the regulus, one of

whidh assayed 18% “sodium, “the other 80% sodlum. Rinck reﬁorted that at

7lO°C., the comeSition of one layer is 7% Na in calcium, and the other

-

. is L% Ce in sodium, He found & eutectic at 0.,025°C, below the melting
- point-of sodiums - Extrapolation shows sod:

aicium and souium 16 be mlsc.lb.l.e

1
)
13

f Lol
[
0

O SR —
yu:’u*\}uﬂ awvwy

s 1185°C. . lﬁé'1nver51onWtemperature from a\-
. _caleium @ngés-caléium;at 450°C, does not appear to be affected. by
SOdiumo ’ |

fi other melts, calecium-sodium
alloys would not be usefu.le ‘

s

" Galéiun-Lead 4lloys

®

The léw—calcium.hlloys with lead have received considsrable

édum (aq.Gan3) is smoluble in lead at 328.3°C., while only 0.,01% is

t

~
A PR 1 I
A .

SAAL W Mgt - U S S A e R

3

P

s

soluble at room temperature, 4s a result, the alloys found aré age

hardened. Age hardening lakes place quite rapidly at room tempera-

turee.

The high-calecium alloys with lead have not been investigsted

thoroughly. Hansen(l) shows the diagram of Figuré 15, taken froi

Donski(43) and Baar(44). No later determination is available, Donski
.-.A‘D

Baar both used calcium of the same grade, melting point 80890.,
but Baar, using a hydrogen atmosphere, was able to melt higher oalciui

contents, He found a eutectic at about 39% lead (melting point 700¢C,).

between calcium and CapPb (melting point about 1110°C.)s The exist-

ence of the %" —phase is somewhat doubtful, Donski placed & similar

area of solid solution in the very eimilar calcium~tin diagram., Later,

more careful work by Hume-Rothery did not besar this out. The colipounds

CapPb, CaPb, and CaPbjy are well established,

o

The high-calecium alloys of this series are ektremely-ﬁhsidﬁie,‘;
corroding very rapidly in air, -

alciume ntimo Alloys

The alloys of calcium with antimony were investigated by
Donski(45) only in the range from 91% Sb to 100% Sb. He found a N
eutectic ét_9l.5%.Sb, melting point 585°C. Nothing whatever is known

of the rest of this system.
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Calcium~Selenium Compounds

‘Calecium selenide is a nonmetallic substance, formula CasSe,
66,41% Se). Metallic alloys may possibly exist, but nothin 6f im=
5 g g

portance is known of the high-calcium alloys of this system,

Calcium-Silicon Alloys

) The'literatur contains a considerable number of references to

this system of alloys, from F, Wshler in 1863 to Louis and Franck in
1939, But only Tamaru46) .and L. Wohler and Schliephake(47) have

attempted to make a constitution dlegram. The data points of both of

these investigations are shown in Fig.16, p.53 from Hansen(l), Temaruts

alloys were strongly pitridéd as he melted under a nitrogen atmosphere,

He shows the melting point of calcium as 803°C., Wdhler and Schliephake

used calcium 98.45% pure and silicon 99,48% Si. Their data are probe
ably somewhat the better of the two.
Wghler andimﬁller(is).heated calcium and silicon at 1000°C, and

obtained CapSis. Heating CapSi, in n stream of hydr

obtained CaSige They claimed CaSi could not be formed by fusion alcnes

Louis and Franck(Ag) have substantiated'the existence of CaSi,
which forms at 1500°C., and is stable only at high.temperatures, unless
it is cooled rapidly (slow cooling dllows decomposition into CaSip

and Ca), and CaySi formed by direct fusion at 1000°C., which RIS

down on slow cooling.
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From theorstical con31derationa, as ncted in another section
of tuzs report, there is small likelihood of appreciable solzd sclution

alloying of calcium and silicon because of the great difference in the

size of the respective atoms.,

iron industries,

‘w

gglgium-Zin»Allnzs

throughout the entire range by Hume-Rothery(50) a8 a part

doctorate thesis, He used an argon atmosphere containing

) 37 These alloys are important deoxidizers in the. steel and gray

examined
of his

10% nitro-

gen, but except for some lowering of the melting points at the high-

calcium end, the diagram of Figure 17 from Hansen

The calcium~tin system has been quite carefully
liable °

(74.76% Sn), and CaSn; (89.89% Sn).
melting at 609°C, at 86% tin betwoen CaSn,

melting at 759 between Ca and CaSng, There 1s no

.between any of the compounds,

acids,

Jenckel and Roth(5l)
bility of ecalcium in tin of 0.1%.

The alloys have no commercial use.

N
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the diagram, Three compounds are formeds: CasSn (59.70% sn),

Two sutectise are formeds;

All of the high~calcium alleys corrode very rapidly ia air,

(l) is probably re~

No evidence of solid solution has been found at either end of

CaSn

one

and CaSnp, and the other

solid solution area

Hume~Rothery found that the tin and cal-
cium combine with explosive yiqlence et the melting point of calcium,

appeared to find a maximum solid solu-
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»  Calelum~Strontium Alloys

X«ray suudies of calcium-strontium alloys have been made by

. Klemm and Mika(S*) and by mlng(53) Both found a continuous series of

solid solutions from 200% caleium (melting point 851°¢,) to 100%
strontium (melting point 7710G, ).

Although en’unlimited series of alloys is possible between

these metals, theicorrosion'resistqpce of both is so similar and so

poor that there would be no reason to expect any marked improvement

in any alloy composition.
' Galcium-Tellurium Aliozs

The compound cCaTe (76.09% Te) is nonmetallie, like GCaSe,

Oftedal (94) determined an X-ray lattice constant for CaTe of 6 345¢
0.008.

The investigation of the calcium-thallium series was begun' by

Donski(55) and carried forward by Baar(56)

but ig still incomplste
Hanqen(l)

LOUVE .

gives the constitution diagram of Fige18, p.56. Both investi-

gators used caleium with 0,55% A1 Plus Fe, 0.28% S1,and undetermined
. nitrogen content,

Baar made five cubie centimeter meltg in glass

. - under a hydrogen atmosphere. Startlng with caleium (meltlng point

808°C,) the meltﬁng point falls slowly to 6920C, at about 63% thallium,

where a eutectie between calcium-and CaTl is found, 23 wide area of

S e r—— -—m‘u,,u_‘.w.,

- <h-ﬁfhﬁwmﬂrﬁ@mﬁmmmw*w&ﬂﬂ”

IR TN T S, g e
NS B or R iheht T TER AT NG
: .

. el %
e e I T

at about 35% T1, & reaction which He was unable to axplain.

. body-centered lattice structure for -CaTl, similar to,ﬂ? brass.

e > -0 o
N Y U Hﬂ&%m’

z
¥

v

solid solution of CaTl in calcium is indicated, but has not been deter-
mined accurately. Baar found some reaction taking'place at 540°C. in

the range from 23.,6% T1 to 45% T1, with the greatest energy emisaion

Besides CaTl (83.61% T1), the compounds 6&3T1¢ (87.18¢ T1)
and. CaTl, (93.87% T1) wsre found. Baar deterqined the ms*ting points
of these compounds® respectively as 970°C., 655°G;, and,625°cQ'

2intl and Neumager(57) found the crystal lattice strusture of

CaT13 similar to that of CaPbs, ,Zintl and Brener(Sg) reported a cublg

galciun-Tungsten Alloys ‘ | | .

According to Kremer(59l it is not possible to alloy calcium

and tungsten,

Cailcium=Zinc Alloys

1)
The only complete diagram available is that given in Hansen(

from the work of Donski(éo); and here reproduced 2

in
*x3
|-l-

D)
F
<D
[Eod
N

a
Y
4
{
'-h

himgself pointed out that he might not have found ali of the compounds,

and that the compound CaZn (62.0% zinc) was very doubtful. FEvidently
more work is necessary in‘the‘calcium-rich calcium-zinc alloys. Donski
found = eutectic at 43,5% Zn melting at 417°C. between caleium and a
compound tentatively identified as CaZn, and another eutectic at 83.5%

Zn (melting point 633°C,) between CapZny and CaZn;,. He showed
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compoundss  CazZn (28,97% 2n), CaZn (62.0% 2n), Cap2ag (70.99% 2n),
CaZny, (86471% Zn), and CaZmg (94423% Zn). Kremamn, Wostall,and .
scﬁspferﬂél) found the compounds CaZn, CQana, CaZa,, end CaZnyq by
neans of potential messursmenis. Roos(éz) determined the heats of
fusion and of formation of CaZny, and Oaanoa CaZn; - heat of fusion
83 5 cal./gs, heat of formation 55,64 3 cal./g 'y Gaano - heat of

fusion 79,6 cal./g. heat of formation 199.1 # 4.7 aal./go He notes

_ that CaZn, is an exce gption to the rule that heat of formation increasos ‘

with heat of fusion in the compounds he examined.

Haucke(63) eiamining t¢he erystal structure of CaZna and cacq‘
came to the cénclusion that the compounds were really CaZn5 and GsCu5.'
Both crystallize in similar hexagonal lattices of symmetry, group D6A,
with six atoms in the unit cell, For CaZng, & = 5. 405, ¢ = 4.18,&-
for CaCus, & = 5,082, ¢ = 4.078A, This structure gives Zn and Cu &
coordination number of 12.

Nowotny(64) also determined the X-ray structure of CaZng and
CuZnS, for which he found values &s followss Ca5Zn, a = 5,371, ofa =
1.579, & = 5.72; for CaCug, & = 5.097, c/a = 14579

Mantell and Hardy‘z) notd that caleium-zine alloys and caleium-
magensium-zine alleys are suggested for use in the pfoduction of porous

concrete, 4 50-50 zinc-calcium alloy and a 15 zing, 15 magnesium, 70

caléium alloy are most suitable., The alloys are very brittle, highly
reactive, and spontaneously combustible. 411 of the ternary zinc- , ;
maghesium-calcium alleoys containing 30% or more of calcium oxidige

readily,
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N A g,

' ence to. calcium~zirconium alloys was found,

promise of a

wha -co-w

3

No structural .alloys with a calecium base containing zine are

" probable.

. Galeium-Zirconivum Alloys

Except in the alloys of nickel patented by Lohr(6®), ng refer-

Lohr's alloys contained

0.01 to 0.20% calcium, 0.01 to 1.0% zirconium, 10 to 25% chromium,

with varying amounts of iron and molybdenum (0% to 30%): balance

niékel. Mantell and Hardy(z), page 107, give a list of these alloy

compositions,

ISCU3SSION

- Biea _inaulon of the available literature has shown very littls

p0581ble high-calecium alloy that would be stabls in air

or water, The addition of a small amount of magnesium is said to im-

prove the mechanical properties and stabilize the metal somewhat,

The alloys with barium, strontium, and Misch metal (cerium plus

lanthanum, ete,) might be investigated
effects,.

From a theoretical standpoint, much careful study of the high=

calcium alloys remains to be done, but it is doubtfu that useful

structural alloys with good corrosion resistance can be obtained,

,.1
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